Introduction

Hall
The cathode shown in
with the SPT-50 is a laboratory device also supplied by RIAME. redundant configuration without a separate magnet supply was used. The efficiency values for these PPUs will likely remain near 0.90.
Propellant System
Propellant feed systems suitable for low power Hall thruster propulsion systems can be categorized as either actively or passively controlled. This refers to the method of regulating the xenon flow rate to the engine. Active flow control allows continuous control of thruster discharge current, and therefore thruster power, as determined by the mass flow rate through the engine. A passively controlled system utilizes a fixed setpoint without feed back. Both types of flow control are currently being implemented. 7as Actively controlled systems rely on conventional xenon flow controllers that would substantially increase the mass of the propellant system for a low power system. This may not be the case in the future, based on NASA testing of micromachined flow regulating components.
However, for this investigation passive flow control was assumed.
For this study, a passively controlled propellant feed system was chosen as the current SOA with respect to mass. Such a system can be constructed from currently available, commercial flight quality hardware. It would include two service valves, a filter, a mechanical regulator, redundant isolation valves, and an orifice assembly.
The component mass for this system, which would work equally well for the SPT-50 or the D-38, would be 1.3 kilograms.
Another approximately .2 kilograms would be required for plumbing between these various components in an all welded system.
An actively controlled system was chosen for the advanced system with downstream flow regulation based on the micromachined flow controller. Isolation could be provided by redundant miniaturized latching valves. The mechanical pressure regulator would be substantially reduced in size and mass because pressure variations substantially larger than tolerable by the passive system can be tolerated. An in-line filter and flow restricting orifices would also be required. The estimated mass for such a system is .8 kilograms.
The remaining component for a propulsion feed system is the propellant tank. While the size of the required tank is mission specific, for purposes of comparison, a system is sized assuming an amount of xenon equivalent to 110% of the total operational lifetime of the specified thruster.
For the current SPT-50, including margin, approximately 6 kg of xenon is required to be delivered the rated total impulse of 62300 Newton-seconds. Approximately 15.5 kg of xenon with 10% margin is required for the 247000 Newton-second predicted total impulse of the D-38. A maximum temperature of 50"C and a maximum pressure of 2000 psia were assumed for storage of supercritical xenon to permit sizing of the storage tank. A tankage fraction of 10% was assumed for composite over-wrapped tanks with a load sharing metallic liner. This corresponds to a tank of about 20 cm in diameter for the SOA SPT-50 and about 27 cm in diameter for the SOA D-38 having a mass of .6 and 1.55 kilograms respectively.
For and advanced thruster with double the operational life, twice the propellant load would be required.
Ten percent tankage fractions would also apply to tanks of the size required to store this additional amount of xenon.
Mechanical
Structure, Thermal Control, and Gimbals The mechanical structure, thermal control system, and thruster gimbals all need to be considered in order to provide a realistic description of a low power Hall systems. In many cases, the appropriate design will be spacecraft specific, however, guidelines for making engineering estimates of the mass of these systems for geosynchronous spacecraft were suggested by Rawlin36 These guidelines were used to make estimates, again for the purpose of permitting comparison.
Based on these suggestions the thermal control system will have a mass of approximately 31 kilograms per kilowatt of waste heat. This corresponds to a mass of 1.1 kilograms for the SPT-50 and 2.6 kilograms for the D-38. Thruster gimbals have an estimated mass of 34% of the thruster mass and the required structure can be estimated as 31% of the sum of the thruster, gimbal, and propellant system mass (excluding the propellant and the propellant tank) plus 4% of the PPU, propellant, and propellant tank mass.
System Summary For comparison purposes a complete summary of the component and system masses is shown in Table 2 . Each system is configured with a single thruster and has the mass of propellant required to provide the maximum predicted impulse plus 10% margin. In the following section, several mission studies were performed using the characteristics of the low power Hall thruster system configured for specific missions. mountedin the centerof the chamber, firing along the major axis. The xenon corrected ambient pressure, measured by an ionization gauge during testing, was 1x10 -5 Torr.
Results and Discussion
The SPT-50 was operated over a range of input powers from .09to .4 kilowatts. and Discharge current was found to be linear as shown in Figure 2 .
The variation in discharge current at a given anode Functional dependencies of the discharge current on anode flow rate and the variation in thrust with discharge power shown in Figures  2 and 3 Figure 4 excluding the cathode flow fraction.
The size and shape of the ion beam produced by the SPT-50 during operation was measured using an ion current probe. The measured ion current density distribution is shown in Figure  5 for angles between -100 and 100
degrees. There was some asymmetry in the measured profile with respect to the assigned thruster axis that exceeded the estimated uncertainty in the angular position.
The profile was symmetric with respect to the peak value. The high data scatter at large angles was due to experimental uncertainty. As expected, the ion current density was substantially less than that for the higher power SPT-100. 32 The maximum ion current density was approximately 0.15 that of the SPT-100 and the ion current density at 45 degrees, the cant angle usedfor the mission study analysis, the ion current density was 0.2 that for the SPT-100. 
